We aimed to evaluate the association of aortic and brachial short-term blood pressure variability (BPV) with the presence of target organ damage (TOD) in hypertensive patients. One-hundred seventy-eight patients, aged 57 ± 12 years, 33% women were studied. TOD was defined by the presence of left ventricular hypertrophy on echocardiogram, microalbuminuria, reduced glomerular filtration rate, or increased aortic pulse wave velocity. Aortic and brachial BPV was assessed by 24-hour ambulatory BP monitoring (Mobil-O-Graph). TOD was present in 92 patients (51.7%). Compared to those without evidence of TOD, they had increased night-to-day ratios of systolic and diastolic BP (both aortic and brachial) and heart rate. They also had significant increased systolic BPV, as measured by both aortic and brachial daytime and 24-hours standard deviations and coefficients of variation, as well as for average real variability.
| INTRODUCTION
Blood pressure variability (BPV) has been increasingly recognized as a prognostic factor influencing the probabilities of future cardiovascular events. 1 Short-term BPV can be estimated through different parameters from 24-hour ambulatory blood pressure monitoring (ABPM).
Such parameters include, the nocturnal decline in blood pressure as well as fluctuations of blood pressure during the 24-hour monitoring.
Standard deviations and coefficients of variation of 24-hour, daytime, and nighttime blood pressure, as well as average real variability have been proposed as short-term variability measures with potential prognostic importance. [2] [3] [4] On the other side, aortic BP seems to be a better estimator than the traditional brachial BP measurement of the "true" BP affecting target organs, such as heart, brain, and kidneys 5 also showing a better predictive value of future cardiovascular events and mortality in hypertensive subjects. [6] [7] [8] [9] Measuring central BP for 24 hours has recently become possible due to technological advances. 10 Thus, ABPM devices, including peripheral and central BP measurement allow for the simultaneous assessment of central and peripheral BP variability. To our knowledge, there has only been 1 previous report that evaluated central BP variability in relation with left ventricular abnormalities.
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The aim of the present study was to evaluate the association of both central and peripheral BPV with the presence of cardiac, renal, and vascular target organ damage in essential hypertensive patients.
| PATIENTS AND METHODS
This is a cross-sectional study, which included 178 patients aged >18 years, with a diagnosis of essential hypertension, mean age 57 ± 12 years, and 33% women who were consecutively enrolled from 5 hypertension units at corresponding university hospitals in the metropolitan area of Barcelona, Spain. Patients were excluded if they had confirmed or suspected secondary hypertension, or if they could not undergo 24-hour ABPM. The local institutional ethic committees approved the study protocol. Written informed consent was obtained from all participants. The investigation conforms to the principles outlined in the declaration of Helsinki.
| Measurements of blood pressure and heart rate variability
Twenty-four hour ABPM was performed by means of a noninvasive automated oscillometric device and validated for brachial BP measurement according to the European Society of Hypertension international protocol. 12 The monitor was placed on a week day between 8:00
am and 10:00 am, and BP was measured automatically at 20-minutes intervals throughout both the awake and asleep periods, as defined in the patients' diary. Aortic BP was estimated through brachial pulse wave analysis for each brachial BP measurement. All subjects included in the study had recordings of good technical quality (at least 80% of valid readings). Otherwise, ABPM was repeated in 1 week. The following parameters of blood pressure (both brachial and aortic) and heart rate variability were calculated, as previously reported:
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• Night-to-day ratios for systolic (SBP) and diastolic (DBP) blood pressure, as well as for heart rate (HR).
• Standard deviations (SD) and coefficients of variation (CV = SD* 100/BP) for SBP and DBP, as well as for HR for 24-hour daytime and nighttime periods.
• Weighted standard deviation (WSD) was calculated using the following formula: WSD = (daytime SD *number of hours awake) + (nighttime SD *number of hours asleep)/24.
• Average real variability (ARV) was calculated as the average of the differences (in absolute value) between consecutive BP measurements. 
| Assessment of target organ damage

| RESULTS
A total of 92 (51.7%) patients had documented TOD. Left ventricular hypertrophy was present in 66 patients (37.1%), either reduced eGFR Table 1 shows the difference in clinical parameters between patients with and without TOD.
Night-to-day ratios for SBP and DBP (both brachial and aortic)
were increased in patients with TOD compared to those without.
Moreover, the night-to-day ratio for heart rate was also increased in patients with TOD (Table 2) . Table 3 shows differences in SD and CV for 24-hour, day and night, brachial and aortic SBP and DBP, as well as for HR. As shown, patients with TOD had significantly higher mean values for SD for both brachial and aortic SBP, measured during 24-hour, day or night. Likewise, CV (SD corrected for absolute BP) was increased in TOD patients for both brachial and aortic SBP, measured at 24-hours or during daytime.
Nighttime values were not significantly different. Heart rate variability was reduced in patients with TOD, as both SD and CV were lower during 24-hour, day and night periods.
In accordance with these results, WSD and ARV for SBP (both brachial and aortic) were also higher in patients with TOD compared to those without ( Figure 1 ).
The logistic regression analysis (Table 4) showed that for both brachial and aortic SBP, daytime SD, WSD, and ARV were associated with TOD in unadjusted models and after adjustments for absolute BP values. In contrast, nighttime SD was only associated with TOD in unadjusted models, but not after adjustment for absolute BP. The highest odds ratio was obtained for ARV. Brachial and aortic BP showed almost identical odds ratios.
In sensitivity analyses, systolic BPV was compared separately in patients with and without LVH, kidney organ damage (either T Nigh-to-day ratio for DBP, % 88.5 ± 9.2 84.6 ± 9.9 .008
Heart rate Night-to-day ratio, % 88.9 ± 9.2 84.1 ± 10.7 .002 DBP, diastolic BP; SBP, systolic BP.
T A B L E 2 Night-to-day ratios for brachial and aortic systolic and diastolic BP, and heart rate in patients with or without target organ damage (TOD) excretion, eGFR, or aPWV (Table 5 ). Such analyses also revealed a significant correlation of both brachial and aortic WSD, ARV, and daytime SD with all markers of organ damage. The significance was extended to night SD and coefficients of variation for aPWV, and in some parameters to urinary albumin excretion and eGFR.
| DISCUSSION
This study shows that patients with hypertensive-related organ damage, either at cardiac, renal, or vascular levels present an increased short-term systolic BPV. Both brachial and aortic BPV show the same pattern, which includes a blunted nocturnal BP decline, increased daytime and weighted 24-hour standard deviations, and increased average real variability. All such relationships remain significant after absolute BP adjustments and are evident in sensitivity analyses in separated groups with LVH, either reduced eGFR or microalbuminuria, or increased aortic stiffness.
Increased BPV is considered a risk factor for cardiovascular mortality and morbidity. 1 Long-term or mid-term BPV can be measured by routine office BP, including seasonal variations and visit-to-visit differences. ABPM is useful for estimating short-term BPV, which includes circadian changes as well as differences between consecutive measures. Several estimates of short-term BPV have been associated with the degree of target organ damage, either at cardiac or vascular levels, whereas the relationship with kidney damage has been less studied.
A recent meta-analysis of 12 previous studies found a correlation between daytime and weighted standard deviations, as well as ARV T A B L E 3 Standard deviation and coefficient of variation for brachial and aortic blood pressures, as well as for heart rate in patients with or without target organ damage (TOD) with left ventricular mass index. 18 Moreover, short-term BPV has also been correlated with the degree of aortic stiffness. 19 In contrast, the association with kidney damage has not been fully confirmed. Indeed, in a study with subjects participating in the Jackson Heart Study, the increased BPV observed in patients with either microalbuminuria, or reduced eGFR was no longer significant after adjusting for the absolute level of BP. 20 Our results confirm that patients with hypertensive-related cardiac, vascular, or renal damage have an increased systolic BPV. These differences are present with different estimators, including daytime and 24-hour SD and CV as well as ARV, a marker of fluctuations between consecutive measures. Moreover, we did not detect differences that were dependent on the organ affected, with patients with LVH, kidney damage, or aortic stiffness showing the same pattern. In addition, the increased BPV was independent of the degree of BP elevation, as adjusted odds ratios were statistically significant.
On the other hand, central (aortic) blood pressure has been recognized as a better estimator of "true" BP directly transmitted to the heart, brain, and kidneys in comparison to peripheral (brachial) BP. 5 Central BP has been found to be better correlated with cardiac and vascular organ damage, 21 in comparison to peripheral BP, although its incremental value with respect to brachial BP has not been fully assessed. With respect to 24-hour estimators of central BP, 1 study found superiority over peripheral BP in the correlation with left ventricular mass index. 22 However, we have previously found that both central and peripheral BP were similarly associated with TOD (cardiac, renal, or vascular), and according to our results, the association of 24-hour central BP was no longer significant after adjusting for peripheral BP. The discrepancy between our results and those provided by Chi et al 11 are probably due to differences in the severity of patients (37% of our patients had LVH whereas it was present in only 8% of patients in the aforementioned study) and to differences in the methodological analysis. In fact, in the results reported by Chi et al 11 correlation coefficients were almost identical for brachial and aortic BPV. Only in the multivariate analysis, aortic ARV, but not aortic WSD retained statistical significance (none of these parameters at brachial level remained significant). We think that such analyses in a group of patients with a very low proportion of the LVH phenotype can be easily influenced by other variable distribution. We think that this is weak evidence to support the superiority of aortic over brachial BPV.
This study has its limitations. 
